Harber for allowing us to publish these data. aim of the current study was to identify skill-based differences in susceptibility 7 to disguise, using uniform manipulations, in a soccer penalty kick. 8
The soccer penalty-kick has proved to be one of the most popular 9 tasks for scientific investigation, mainly due to the considerable temporal 10 constraints placed on the goalkeeper. On average, the time it takes the ball to 11 reach the goal from initial ball contact is between 400-800ms (100-50Km/h) 12 (Kuhn, 1988) . Furthermore, Hughes and Wells (2002) found 87% of penalties 13 to be struck at 75% of the players' maximal, so taking around 500ms. The 14 lower limit for feedback utilization has been established to be around 250ms 15 (Le Runigo, Benguigui, & Bardy, 2010) in simple interceptive tasks requiring 16 minimal movement of a single effector. Therefore, in a more complex task 17 such as saving penalty kicks, which requires whole body movement, 18 goalkeepers, on the majority of penalties, cannot implement corrective 19 feedback successfully and so have to try and anticipate ball direction before 20 ball contact. Therefore, researchers have predominantly focused on 21 identifying the visual cues emanating from the kicker, and how the goalkeeper 22 can utilize these to maximize their chances of saving the penalty. 23 There is considerable debate in the literature as to the most effective 24 areas to fixate gaze when attempting to anticipate a soccer penalty-kick. For a 25 goalkeeper to successfully intercept the ball they must anticipate two variables: 1 height and side. The postural cues needed to anticipate the height of a 2 penalty-kick may be different to the information needed to predict side. 3 Williams and Burwitz (1993) suggested that when trying to anticipate the side 4 the ball would be kicked, information was obtained from the angle of the penalty 5 taker's run-up, the arc of the leg on approach to the ball, and angle of the 6 kicking foot and hips prior to ball contact. The orientation of the hips was 7 deemed particularly informative by participants, with these being positioned 8 more square on to the goal if the ball is placed to the goalkeeper's right hand 9 side (assuming a right-footed penalty-taker), whereas if the ball is intended to 10 be placed to the left side the hips are inclined to slope away from the 11 goalkeeper. Similarly, Williams and Davids (1998) expert goalkeepers spent a higher proportion of time fixating the kicking leg and 20 non-kicking leg rather than the hips, whereas novices spent more time fixating 21 on the trunk, arms, and hips. In a subsequent study (Savelsbergh, van Gastel, 22 & van Kampen, 2010) , in which a group of expert goalkeepers were 23 differentiated into successful and less successful performers, using their 24 accuracy on the film-based anticipation test as the criterion measure, the non-25 kicking leg was implicated as an important information source when attempting 1 to anticipate penalty-kick direction. However, the visual search patterns 2 employed were variable and the goalkeepers spent some time fixating up to 3 eight separate locations across trials, averaging between 2.6 and 3.1 different 4 locations per trial, with the relative importance of these areas fluctuating across 5 the different temporal phases of the penalty-kick. Moreover, no differences in 6 search behaviors were observed when comparing successful against 7 unsuccessful trials, implying that anticipation is only partially dependent on the 8 visual strategy employed (Savelsbergh et al., 2002) . 9
Detailed kinematic analyses of penalty-kicks have shown that several 10 variables correlate highly with ball direction approximately 150ms before ball 11 contact, including the non-kicking foot angle, the knee angle of the kicking leg, 12 and the speed of the kicking foot (Lopes, Jacobs, Travieso, & Araújo, 2014). 13 Kinematic correlates of direction at ball contact include: kicking foot angle, the 14 hip angle, and the movement direction of the kicking foot. Other kinematic 15
analyses have also demonstrated similar results, with the angle of the kicking 16 foot and angle of the hips being reported as reliable predictors of ball direction 17 (Diaz, Fajen, & Phillips, 2012 ). These data demonstrate that the important 18 predictive cues evolve over the movement and are all located in the lower part 19 of the body. Given that the predictive information is evolving and different 20 cues become available at different times there may be a need to fixate several 21 sources of information over the movement. However, when the goalkeeper 22 saccades from one fixation to another information processing is suppressed. 23 Therefore, a large number of short duration fixations in visual search patterns 24 will decrease the amount of information that is processed. Given the temporal 25 constraints of the task, this is not an efficient strategy. Piras analysis between deceptive and non-deceptive movements, the authors found 21 several significant differences in lower limb amplitudes, including landmarks in 22 the hip region, especially at the -80 ms occlusion point. These data are 23 corroborated by a recent kinematic analysis reporting the non-kicking foot and 24 the hip angle to be affected by deceptive movement (Lopes et al., 2014) . In 25 the anticipation phase of the study, individuals recorded higher response 1 accuracy in the non-deceptive movements, compared to the deceptive 2 movements, demonstrating that both skill levels were negatively affected by 3 the non-veridical information. These data suggest that there is kinematic 4 information available from the hip region, which, if manipulated, could 5 negatively impact anticipatory judgments. This could be due to critical 6 information being available directly from cues in the hip region, or the relative 7 motion of other cues in relation to the hips. 8
Another manner in which access to information may be manipulated is 9 through the use of the playing uniforms or apparel worn by individuals. decreased, compared to the low-intensity condition. These data demonstrate 6 the effectiveness of stimulus strength as a method of increasing the ability of 7 performers to pick up visual cues, which may subsequently facilitate 8 improvements in response time and accuracy. These findings highlight the 9 practical utility of using manipulations to playing uniform design to positively 10 influence performance in sport and other fields of activity. 11
In the current study, a film-based, temporal occlusion approach was 12 used to identify skill-based differences in susceptibility to disguise. Skilled and 13 less-skilled soccer goalkeepers will be required to anticipate penalty-kick 
Test Film 20
The test film was produced in conjunction with a professional soccer 21 club in the UK. Four full-time, academy players were filmed from the 22 goalkeeper's perspective taking penalty-kicks. The penalty takers were blind 23 to the purpose of the study. The film clips were recorded using a digital video 24 camera (Canon DM-XM2 PAL, Tokyo, Japan) positioned in the middle of the 25 goal at eye level (1.7 m). The players were asked to take the penalty-kick 1 using the strategy that they would use in normal competition. Two of the 2 players were right footed and two were left footed penalty takers. A regular 3 dimension goal was used and players were required to shoot into each of the 4 four corners of the goal in turn. If the ball finished in the middle of the goal, the 5 trial was discarded. Each film clip included the penalty taker's approach to the 6 ball and all his preparatory actions until the ball was kicked. Players were 7 required to place one penalty in each corner while wearing one of three 8 different uniform designs (i.e., 16 penalties for each uniform), providing a total 9 of 48 penalties. The players were informed that they should imagine that they 10 were taking a penalty in a competitive match situation. The footage was then 11 digitally edited using Adobe Premiere Pro CS4 software (Adobe Systems 12 Response accuracy (%) was measured by comparing the participants 5 response on a trial to the location the ball crossed the line. Successful 6 performance was recorded when the participant correctly predicted both the 7 side and height of the penalty-kick. A percentage performance score was 8 calculated for each uniform design and occlusion point for both skill groups. 9
Confidence ratings of whether a participant's anticipatory judgment was 10 correct were recorded after each shot. Mean ratings were calculated for each 11 condition. Response accuracy and confidence ratings were analyzed using 12 separate 2 group (skilled, less-skilled) x 3 uniform (control, zigzag, circle) x 3 13 occlusion point (-160 ms, -80 ms, ball contact) mixed design ANOVAs. Effect 14 sizes were calculated using partial eta squared values (p 2 ). Significant 15 effects were followed up using pair-wise comparisons. The alpha level for 16 significance was set at 0.05. The Greenhouse-Geisser correction was applied 17 when violations to sphericity were observed. 18
Results

19
Response accuracy (%) 20
There was a significant main effect for group, F1, 22 uniforms, compared to the zigzag uniform. There was a significant main effect 1 for occlusion, F2, 44 = 62.97, p < 0.001, p 2 = 0.74. Response accuracy was 2 significantly higher in the ball contact, compared to the -80 ms (p < 0.001) and 3 -160 ms (p < 0.001) conditions. Response accuracy was also significantly 4 higher in the -80 ms, compared to the -160 ms condition (p < 0.001). 5
There was a significant group x uniform interaction, F2, 44 = 4.07, p = 6 0.024, p 2 = 0.16. Post hoc testing revealed that while there were no 7 significant differences in response accuracy between uniforms for the less-8 skilled group (all p > 0.05), the skilled group decreased their response 9 accuracy significantly from control to zigzag (p < 0.05) and circle (p < 0.05) 10 conditions. The response accuracy for the skilled group was also significantly 11 higher in the circle, compared to the zigzag (p < 0.05) condition. 12
There was a significant group x occlusion interaction, F2, 44 were significantly higher in the control, compared to circle (p = 0.019) and 5 zigzag uniform (p < 0.001). Ratings were also significantly higher in the circle 6 uniform, compared to the zigzag uniform (p = 0.014). There was a significant 7 main effect for occlusion, F2, 44 = 68.85, p < 0.001, p 2 = 0.76. Confidence 8 ratings were significantly higher in the ball contact, compared to the -80 ms (p 9 < 0.001) and -160 (p < 0.001) conditions. Confidence ratings were also 10 significantly higher in the -80 ms, compared to the -160 ms condition (p < 11
0.001). 12
There was a significant group x uniform interaction, F2, 44 = 4.97, p = 13 0.011, p 2 = 0.18. There were no differences in confidence ratings between 14 the uniforms for the less-skilled participants (all p > 0.05), whereas there was 15 a significant decrease in confidence rating for the skilled group from the 16 control (p < 0.05) and circle (p < 0.05) conditions to the zigzag condition. 17
There was a significant group x uniform x occlusion interaction (F4, 88 = 3.07, p 18 = 0.020, p 2 = 0.12). The skilled group reported significantly higher confidence 19 ratings in all conditions, compared to the less-skilled group, apart from the 20 zigzag uniform at the -80 ms occlusion point. There were no significant group 21 x occlusion (F2, 44 hypothesized that both groups would record higher response accuracy in the 8 later, compared to the earlier, occlusion points (Smeeton & Williams, 2012) . 9
Due to the paucity of research on deceptive movement, we made no strong 10 predictions on whether the uniform manipulations would have a greater 11 impact on the performance of skilled or less-skilled individuals. 12
In line with previous research, the skilled individuals demonstrated 13 significantly higher anticipation accuracy, compared to the less-skilled group, 14 demonstrating construct validity for the test procedure. These data also base to dismiss highly improbable events and allocate attention to the most 23 likely occurring events (Williams, 2009) . 24
Despite the general expert advantage in anticipation, there were 1 differences in the effects of the uniform manipulations between skill groups. 2
The skilled group decreased their accuracy on both the circle and zigzag 3 uniforms when compared to the control condition. This was also mirrored by 4 the confidence rating for the skilled group, with lower confidence scores for 5 the experimental uniforms designs. Although the response accuracy data 6 followed a similar trend to the skilled group for the less-skilled group in the -7 160 and ball contact condition, there were no significant performance 8 decrements in the experimental uniform conditions. These data suggest that 9 the disguised uniform conditions had a negative effect on the skilled group, 10
but not the less-skilled group. It appears that the zigzag and circle designs 11 make it more difficult to anticipate penalty-kick outcome, presumably because 12 they obscure the ability to pick up information from the vertical mid-line of the 13 body and the orientation of the hips relative to the observer. There is evidence 14 that skilled soccer players rely on information from the hip region, when 15 making anticipation judgments (Smeeton & Williams, 2012) , implying that this 16 group would be more likely to be negatively impacted if information from this 17 area of the body was disguised. However, it may be that the skilled individuals 18 are fixating the hip region as a 'visual pivot', whereby they can optimize the 19 use of the fovea and parafovea (Piras & Vickers, 2011) . If this is the case, the 20 disguised uniforms may be disrupting the relative motions or relationships 21 between other information sources, such as the trunk and the non-kicking leg, 22 both of which have been shown to contain information related to kicking 23 direction and height (Williams & Burwitz, 1993; Williams & Davids, 1998) . 24
The availability of information used to make anticipatory judgments 1 changes throughout the movement. In support of our predictions and previous 2 research (Farrow, Abernethy, & Jackson, 2005), higher accuracy for both 3 groups was found in the later occlusion times, where players have more 4 access to critical cues. However, the skilled group showed no difference in 5 performance between the -160 ms and -80 ms occlusion points in the zigzag 6 and circle conditions. These data suggest that the skilled individuals maybe 7 trying to utilize postural information from the hip region around -80 ms before 8 ball contact. As the information is disguised the skilled individuals cannot 9 accurately or easily extract this information, leading to decreased 10 performance and lower confidence ratings. These findings support work by 11 Smeeton and Williams (2012) , who found that deceptive kinematics at -80 ms 12 before ball contact significantly reduced the anticipation accuracy of soccer 13 players. Given that the accuracy of the skilled group dramatically increases in 14 the ball contact occlusion point, it appears that the athletes are able to utilize 15 other information later in the movement to accurately determine penalty-kick 16 direction, whereas, in the -80 ms condition, they are reliant on the disguised 17 hip information. These data may suggest that goalkeepers are able to pick up 18 on evolving information and relevant cues as they become available (Dicks, 19 Button to make their anticipatory judgments in the deceptive uniform conditions. The 5 fact that the decreases in performance were aligned with decreases in 6 confidence rating for the skilled individuals shows that the deceptive uniforms 7
did not lead to overconfidence in an incorrect anticipatory judgment, as in 8 previous research (Smeeton & Williams, 2012) . Rather, the skilled players 9
were generally less confident about the outcome of the penalty-kick. This 10 suggests that the experimental uniforms disguise critical information rather 11 than provide deceptive information. Deception involves the presentation of 12 misleading/false information rather than genuine cues with the aim of tricking 13 an opponent into preparing for a different action to the one actually planned 14 (Rowe et al., 2009 ). Instead, disguise simply makes the information more 15 difficult to pick up, both reducing response accuracy and increasing response 16 time. These findings corroborate previous research examining stimulus 17 intensity of uniform designs, which showed that high-intensity uniforms enable 18 individuals to pick up information quicker and more accurately compare to 19 low-intensity uniforms (Causer et al., 2013) . Decreasing the 20 intensity/availability of the cues in the current study had a similar effect, 21 leading to lower accuracy scores. 22
Findings from the current study show the potential impact uniform 23 design can have on anticipatory judgments in temporally constrained 24
environments. In future researchers should look to identify the specific 25 mechanisms by which anticipation is disrupted by patterns and shapes on 1 uniforms. Despite the laboratory-based nature of this paper, the data has 2 obvious applied implications regarding how coaches/athletes can increase the 3 effective presentation of deceptive information. Conversely, coaches can use 4 this knowledge to help design uniforms to increase the saliency of critical 5 information to improve performance (Causer et al., 2013 ). Specifically, 6
coaches could develop training aids that use uniform designs to highlight the 7 important information in a particular action. 8
In summary, the current study demonstrates that although skilled 9 athletes are better able to anticipate upcoming events based on postural 10 cues, they are also susceptible to deceptive information, more so than less-11 skilled athletes. Furthermore, the data suggest that the time course of the 12 availability of veridical and non-veridical information can be critical to the 13 successful anticipation of upcoming actions. Our findings illustrate the 14 practical utility of using manipulations to playing uniform design to make it 
